(19) 



J 



minim 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europe n des brevets (11) EP 0 780 158 A1 

EUROPEAN PATENT APPLICATION 

(51) int. Cl. 6 : B01J35/00 



(43) Date of publication: 

25.06.1997 Bulletin 1997/26 

(21) Application number: 96120547.3 

(22) Date of filing: 19.12.1996 



(84) Designated Contracting States: 


• Morimoto, Takeshi, 


BE DE FR GB 


Asahi Glass Company, Ltd. 




Yokohama-shi, Kanagawa (JP) 


(30) Priority: 21.12.1995 J P 333673/95 




(74) Representative: Muller-Bore & Partner 


(71) Applicant: AS AH I GLASS COMPANY LTD. 


Patentanwatte 


Chiyoda-ku Tokyo 100 (JP) 


Graf inger Strasse 2 




81671 Munchen (DE) 


(72) Inventors: 




• Endoh, Eiji, 




Asahi Glass Company, Ltd. 




Yokohama-shi, Kanagawa (JP) 





(54) Photocatalyst composition and process for its production, and photocatalyst composition 
attached substrate 

(57) A photocatalyst composition comprising a 
semiconducting photocatalytic substance and fine oxide 
particles dispersed in the semiconducting photocata- 
lytic substance, said photocatalyst composition having 
a band gap which is larger by at least 0.05 eV than the 
band gap of the semiconducting photocatalytic sub- 
stance per se. 
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The present invention relates to a photocatalyst composition which is capable of imparting a stain-decomposing 
. KJfXTi antfo ? 9 ! n ? property a d eodorant property, a mildewproofing property and an antibacterial property to var- 
s ous substrate rnatenals including glass and tiles and which is capable of effectively utilizing light energy such as sun- 
light, a process for its production and a photocatalyst composition-attached substrate 

As environmental problems have become distinctive, stain proofing and mildewproofing of indoor and outdoor 

♦n= f'^T ena K S 35 9 ' aSS 3nd ti,eS ' ar6 d6Sired ' as we " 38 deodorization in the indoor space. In the prior art in 
this field, it has been proposed to form on a substrate surface a semiconducting photocatalytic substance such as TiO, 

10 by spray coating, dip coating, spin coating or sputtering to impart a stain-decomposing property, a deodorant property 
or a mildewproofing property (JP-A-6-278241). ueuawani propeny 

However, the photocatalyst layer formed by such a conventional technique has not been fully satisfactory from the 
practical viewpoint, since the catalytic activity was inadequate, or the photocatalyst film strength was low. whereby the 
film was likely to be damaged or cracked. 7 

'5 Further, Ti0 2 or the like has a high refractive index, and thus, when a transparent thin film thereof is formed on a 
transparent substrate such as glass, strong interference fringes are likely to appear to cause an ornamental problem 

alytic activities and having the strength of the photocatalyst layer improved. 

Another object of the present invention is to provide a photocatalyst composition which is free from strong interfer- 
ence fringes even when formed in a transparent thin film form on a transparent substrate such as glass 

Thepresent invention provides a photocatalyst composition comprising a semiconducting photocatalytic substance 
and fine ox.de parbcles dispersed in the semiconducting photocatalytic substance, said photocatalyst composition hav- 
ing a band gap which is larger by at least 0.05 eV than the band gap of the semiconducting photocatalytic substance 
p©r se. 

Further the present invention provides a process for producing a photocatalyst composition, which comprises coat- 
ing on a substrate a coating liquid for forming a photocatalyst composition, comprising a material capable of forming a 
semiconduding photocatalytic substance and fine oxide particles dispersed in the material, to form a thin film and then 
applying heat treatment thereto to obtain a photocatalyst composition having a band gap which is larger by at least 0 05 
eV than the band gap of the semiconducting photocatalytic substance per se 

linht'l^r W u h6n * he T d 93P iS lar96, the intensity 0f ultraviolet rays ^ idh are ^"^ly "sad among the sun- 
!trnoT a h However thepresent invention provides a photocatalyst composition rich in the photoactivity even with 
a large band gap. Heretofore, a system comprising a semiconducting photocatalyst and an oxide, has already been 

soup a 8 Si ; " 8 * 16433 , 4 di f 0868 8 8ystem havina T, ° 2 partic,es incof p° rated int ° ,he ™«>* * a *5 

sol. JP-A-8-228636 disdoses a system having a photocatalyst supported on a Si0 2 earner. JP-A-8-196g03 discloses 
a system having the surface of a porous body of e.g. Si0 2 coated with Ti0 2 having a uniform pore size and JP-A-^ 
1 13272 discloses a system having Ti0 2 partides blended to a moisture absorbent such as silica gel. However in any 
one of these systems, no increase in the band gap takes place. ■.■»«* 
Now. the present invention will be described in further detail with reference to the preferred embodiments 
« inVenti ° a " iS imPOrtant th3t ** band 9ap of tne P^tocatalyst composition having fine oxide parti- 

£££22Z pX b/ * ' eaSt 0 * Preferab,y * ' eaSt °" 1 6V ' - ^ 93P * -^ndulg 

atai nn!n!i e ato * a TOnstrurto "- " is P 055 ™* to <*tain a photocatalyst composition having high strength and having 
i " nt ^ og9,n9 ' m, Wewproofing. deodorant and antibacterial properties superior to P-25 (fine Ti0 2 powder 
manufactured by Nippon Aerozil K.K.. band gap: about 3.2 eV) which has been so far believed to have the highest activ- 
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H,^Z COnduCt,n9 p hotocatelytic substance to be used in the present invention, is preferably an oxide semicon- 
th l V,ewp0,nt of the chemica ' ***** and Photocatalytic activities, and it is preferably at least one member 

thttl^M^H 00 ^' f "?£ T, °* Bi2 ° 3, ln ** ™°* Zn0 ' SrTl °* Fe 2°3 S "°2- ^om the viewpoint of 
the chemical stability and safety, Ti0 2 is particularly preferred. 

As *e material capable of forming the semiconducting photocatalytic substance, it is preferred to use a sol of the 
sennconducting photocatalytic substance or a precursor of the semiconducting photocatalytic substance (eg an 
organic metal complex). \ « 

^TJ2^f te T^ 9 '° W,h ° f " rySta ' S by h63t treatment ' il is pre,erred to as »»" carting material . the one 
having no definite crystal structure or the one having a very small crystal size 

m, J!" S !?K° f Star !i n9 matefial iS Preferably ,rom 1 10 1 5 nm - more Preferably from 1 to 10 nm. Further, the size of 

Ph0i0 ^? 8U5StanCe in 1,16 photocata| yst composition of the present invention, is 
preferably from 3 to 15 nm, more preferably from 5 to 1 5 nm. 

The method for preparing the semiconducting photocatalytic substance is not particularly limited For example a 
heat decomposition method or a sol-gel method may be mentioned. W 
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The fine oxide particles to be dispersed in the semiconducting photocatalytic substance, are preferably at least one 
member selected from the group consisting of A^0 3 , Si0 2 , Sn0 2 . ln 2 0 3 and Zr0 2 . 

The method for preparing the fine oxide particles is not particularly limited. For example, a heat decomposition 
method or a sol-gel method may be mentioned. 
s The shape of the fine oxide particles is preferably spherical, but may be various shapes such as a rod shape. The 
size of the fine oxide particles is not particularly limited. In a case where a transparent photocatalyst layer is to be 
formed, a size not to scatter light is required, and the average primary particle size is preferably from 1 to 200 nm, more 
preferably from 5 to 100 nm. 

The dispersed proportion of the fine oxide particles is preferably from 20 to 80 vol%, more preferably from 30 to 70 
io vol% to the total of the semiconducting photocatalytic substance (calculated as the oxide) and the fine oxide particles. 
Hereinafter, the dispersed proportion (vol%) of the fine oxide particles will be shown by the proportion calculated as 
described above. 

If the dispersed amount of the fine oxide particles to the semiconducting photocatalytic substance is less than 30 
vol%, particularly less than 20 vol%. the increase of the band gap of the photocatalyst composition tends to be small, 
75 whereby the photocatalytic activities tend to be no different from the band gap of the semiconducting photocatalytic 
substance per se, and the strength tends to be inadequate. On the other hand, if the dispersed amount of the fine oxide 
particles exceeds 70 vol%, particularly 80 vol%. the absolute amount of the semiconducting photocatalytic substance 
itself tends to be small, whereby the activities as the photocatalyst composition, tend to be low. 

The method for dispersing the fine oxide particles into the semiconducting photocatalytic substance, is not partic- 
20 ularly limited. However, it is preferred to disperse the fine oxide particles into the above-mentioned precursor or sol of 
the semiconductor photocatalyst, followed by baking. 

As the coating method, spray coating, flexo printing, dip coating, screen printing or spin coating may, for example, 
be employed. 

By forming a thin film by coating, followed by heat treatment under a suitable condition, it is possible to form on a 
25 substrate a photocatalyst composition having the band gap increased. 

With respect to the conditions for the heat treatment in the present invention, the temperature is preferably from 400 
to 700°C, and the treating time is usually within a range of from 5 minutes to 2 hours. The temperature profile may suit- 
ably be selected. f 

The thickness ol the thin film is practically preferably within a range of from 20 to 500 nm. since if the film thickness 
30 is thick, the strength tends to decrease although the photocatalytic activities will improve. 

The substrate to be used in the present invention is not particularly limited, and it may, for example, be glass, 
ceramics, metal or other inorganic material. The surface of the substrate may be the surface of the base material itself, 
or the surface of a material different from the substrate itself, such as the surface of the treated surface layer of surface- 
treated glass (e.g. the surface provided with a sol-gel film, a sputtered film, a CVD film or a vapor deposition film). The 
35 shape of the substrate is not particularly limited and may be an optional shape depending upon the particular purpose, 
such as the one having a flat shape or the one having a curvature partially or over the entire surface. 

In the present invention, the mechanism in which the photocatalytic activities are improved by dispersion of fine 
oxide particles into the semiconducting photocatalytic substance, is considered to be as follows. 

In the process for producing the photocatalyst composition of the present invention, which comprises coating on a 
40 substrate a coating liquid for forming the photocatalyst composition, comprising a material capable of forming a semi- 
conducting photocatalytic substance and fine oxide particles dispersed in the material, to form a thin film and then 
applying heat treatment thereto, the crystal growth of the oxide semiconductor during the heat treatment can be prop- 
erly suppressed by properly selecting the heat treating conditions. Such suppressing effects are particularly remarkable 
when the proportion of the fine oxide particles dispersed into the semiconducting photocatalytic substance is in a proper 
45 range. 

It has been found anew that as a result, crystals of the semiconducting photocatalytic substance in the photocata- 
lyst composition of the present invention become smaller than crystals of a semiconducting photocatalytic substance 
formed by heat treatment of a sol of the semiconducting catalytic substance per se or the photocatalyst precursor (e.g. 
an organic metal complex) per se (i.e. without incorporating fine oxide particles), 
so This phenomenon means that degeneracy is partially removed by reduction of the.size of semiconductor particles, 
and the band structure is changed, so that the band gap increases, i.e. the position of the valence band lowers. Elec- 
trochemically, this means that the oxidation-reduction potential of the valence band becomes positive, so that the oxi- 
dizing power increases. From the reaction theory, this means that the photocatalytic activities of the semiconductor will 
improve. 

55 In the present invention, the mechanism of development of the antifogging property may be explained as follows. 
Namely, when the photocatalyst composition of the present invention is irradiated, holes will be formed in the valence 
band. These holes have a strong oxidizing power and will oxidize water molecules adsorbed on th photocatalyst sur- 
face, to form numerous OH radicals on the photocatalyst surface. The wettability of the surface is thereby improved to 
provide an antifogging property. Further, a stain on the surface will be decomposed and removed by the above-men- 
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tioned OH radicals having a very strong oxidizing power, whereby the wettability can be maintained for a long period of 



10 



15 



SO 



25 



30 



In the present invention, the increase in the strength of the photocatalyst composition having fine oxide particles 
SSfse n rveL S nileT dUCtin9 Ph ° t0Ca,aly1iC substance - is believed to be attributable to the fact that the fine oxide 
mJHaHHi 3S " ie | nt0 " ed J*** durin 9 the heat freatment. the crystal growth of the oxide semiconductor is properly 
X2>f " 3 9 Wi " ** f ° rmed b6,Ween 1,16 ,ine ° xide Particles and fine crvsta,s °* the oxide sem 

, m n^J!l P lT nt inVenti ° n Wi " bS deSCTibed ,Urther detail with reference to Examples. However, it should be 
understood that the present invention is by no means restricted to such specific Examples. 

EXAMPLE 1 

wJ???? C °'!^ al t NCa ™" 9 a " aVefage primary * ze of 20 m was dis P er sed in an aqueous solution of 

Mamum onto sol (6 wt% as Ti0 2 ) so that the dispersed proportion would be 50 vol%. The dispersion thus obtained 

STSSIT? ( decomposing acetakfehyde), 3) the film strength (Taber abrasion test) 4) the antfog- 

SSSS y " L P » feSenCe u° r abSenCe 01 interfere "ce fringes, and 6) the size of crystals of the semiconducting 
photocatalybc substance in the photocatalyst composition, were evaluated as follows. 

l^*T S ™^T e ° 1 U ' traVi0let " 9ht thr0U9h ** sample was measured, whereby a sharp absorption was 
S~ou^ 

2 ph ° ,0Ca,aly,ic activitv of this Pnotocatalyst composition, the photo-decomposition reaction rate 

t*Tl Y T> * TO ? ? POnent for the tad odor of ,obacco ' <** evaluated. The test was carried out in 
d P l. T * ? l^! ° f 5 011 * 5 Cm WaS PUt int0 8 3 1 an 9" lar reaction tube made of quartz, and acetel- 
12,h?> r TV ,nt0 the ^ion tube. Then, black light was irradiated to the sample from the exterior 

tS^JT^TJT^ ° f UltraVi0,et rayS (365 nm) at the sample «**«* was 1.8 mw/cm* whereby the 
wafdeterled 

to hT?Tif n^" 96 Wi l h time °I <he d6CreaSe ° f ^e^'dehyde, the photo decomposition reaction was considered 
tobea zero order reaction, and constant k was calculated. As a result, constant k was 4.0 x 10"* mmo//(^ 

l^l? tren9lh 0i H e ph ° toca,a,vst composition was evaluated by a Taber abrasion test. The load was 500 g 
and the test was carried out 1 ,000 times, whereby no substantial abrasion was observed 

l^S^JJf T*' ,he an,i,099ing property was evaluated in terms ° f *• initial antifogging 

ZZZ T£2 ' an,lf °99 ,n 9 durab " rtv in accordance with the following methods. Namely, for the initial antifogging 

EE rt , , ^ aPPhed * ,he Samp ' e ' and the ,ime until the fo 99 in 3 com P'etely disappeared, was meas 
ured. The test was repeated 3 times, and the average time was examined, whereby no toggtagwas observed^ 

^S,^ I he , SamPle W3S immerS6d " Warm water 0f 60 ° C ,or 3 da * s - the^eragt time 

until the fogging completely disappeared, was examined in the same manner as for the initial fogging property aJ 
a result, no fogging was observed. f'"f<m »y- «s> 

5) With respect to the obtained sample, presence or absence of interference fringes was inspected wherebv the 
transparency was very high and no interference fringes were observed V 

by the X-ray diffraction (XRD) analysis, whereby it was found to be 1 1 nm. 
EXAMPLE 2 

i« ni^T Waspr f pared and evaluated in fhe same manner as in Example 1 except that instead of the colloidal sil- 
-ca used in Examplel.arod-shaped colloidal alumina having an average prirmrypartde size of 10 nm and an Liaae 
pnmary particle length of 100 nm, was dispersed so that it would be 50 vol%. 9 

55 EXAMPLE 3 

Using a toluene solution of [CH 3 (CH 2 ) 3 CH(C 2 H 5 )COO] 4 Ti (titanium 2-ethylhexanoate) (5 wt% as TO,) as a «a- 

^SSSSSSSSST, 2? ha i ng " 3Vera9e Size ° f 1 1 nm *P«- in e^nano, wi adSi 

so that it would be 40 vol%. to obtain a dispersion. The dispersion was coated on a quartz glass substrate by spin coat- 
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ing and then subjected to heat treatment at 550°C for 1 hour to form a thin film COT < 30Sition Wi,h 

respect to the obtained sample, evaluation was carried out in the same manner as .n Example 1 . 

EXAMPLE 4 

A sample was prepared and evaluated in the same manner as in Example 3 except that 40 vo.% of colloidal silica 
in Example 3, was changed to 85 vol%. 

EXAMPLE 5 

A samole was prepared and evaluated in the same manner as in Example 3 except that instead of the colloidal sil- 
ica in E^eTzSSatowder having an average particle size of 20 nm was added so that t would be 40 vo.%. 

EXAMPLE 6 

A S amp.e was prepared and evaluated in the same manner as in Example r I except that instead of .he colloidal sil- 
ica in Example 1 , a water-soluble Sn0 2 sol was dispersed so that it would be 45 vol /». 

EXAMPLE 7 

A samp.e was prepared and evaluated in the same manner as in Example 1 except that instead of the , «**M ri- 
te i ^Example 1 .fine ^Q 3 powder having an average primary partiCe size of 20 nm was d^persed so that ,t wou.d be 

60 vol%. 

25 EXAMPLE 8 (COMPARATIVE EXAMPLE) 

A sample was prepared and evaluated in the same manner as in Example 1 except that in Example 1 . no colloidal 

Si ' iCa vTrSS sample obtained in Example 8. the transmits of uttraviolet light was measured where* a 
sharp aisoSS was observed from 393 nm towards a short wavelength side, whereby the band gap of tb,s photocat- 

test 1 Ime'Siy tS substrate was almost exposed, and the Ti0 2 layer formed on the quartz glass substrate 
had strong interference fringes due to the high refractive index of Ti0 2 . 

The results of evaluation of the samples of Examples 1 to 8 are summanzed £ ^^^***l b £K 
in Table 1 is eV, and the unit for constant (constant for decompose of acetaldehyde) ' s " J • ™JJJ 
strength represents the degree of abrasion, and the unit for the initial antifoggmg property and """"TO^™!? 
HSnSS Average time until the fogging comp.ete.y disappeared). No fogging is «>r^ * » ™ 
ence fr^es were evaluated as to presence or absence, and a case where transparency was h.gh and no »«^«" 
f*ges weTe SJi, is indicated by "absence". The crystal size is meant for the crystal s,ze of the semiconducting 
photocatalytic substance in the photocatalyst composition. 
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•hereto to obtain a photocatalys, J2£E ^TS.^T V"? ** *" heal « 

9 ap of the semiconducting photocatalytic SZ2£?£ ' S ^ * * ^ ° 05 eV than *• band 

capable of forming a semiconducting pho^ytTsSance Ph ° t0Ca,alyt,C Substance is « the material 
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the substrate, wherein the photocatalyst composition comprises a semiconducting photocatalytic substance and 
fine oxide particles dispersed in the semiconducting photocatalytic substance, and the photocatalyst composition 
has a band gap which is larger by at least 0.05 eV than the band gap of the semiconducting photocatalytic sub- 
stance per se. 

8. The photocatalyst composition-attached substrate according to Claim 7, wherein the semiconducting photocata- 
lytic substance is at least one member selected from the group consisting of Ti0 2 , Bi 2 0 3 , ln 2 03, W0 3 , ZnO, 
SrTi0 3 , Fe 2 0 3 and Sn0 2 . 

w 9. The photocatalyst composition-attached substrate according to Claim 7 or 8, wherein the fine oxide particles are at 
least one member selected from the group consisting of A* 2 0 3 , Si0 2 , Sn0 2 , ln 2 0 3 and Zr0 2 . 

10. The photocatalyst composition-attached substrate according to Claim 7, 8 or 9, wherein the dispersed proportion 
of the fine oxide particles is from 20 to 80 vol% to the total of the semiconducting photocatalytic substance and the 
is fine oxide particles. 



20 



25 



30 



35 



40 



45 



50 



55 



ISDOCID: <EP 07801 5BA1 J_> 



7 



EP 0 780 158 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 12 0547 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
AfMHJCATI ON (lnt.CI.6) 



GB 2 261 175 A (MATSUSHITA ELECTRIC WORKS 
LTD) 12 May 1993 

DATABASE WPI 
Section Ch, Week 8941 

_Derv^t^ubllcatjons_ Ltd. , London, _GB: 

Class D22, AN 89-296646 
XP002027028 

&^JP 01 218 635 A (HITACHI KK) , 31 August 

* abstract * 

DATABASE WPI 

Section Ch, Week 9440 

Derwent Publications Ltd., London, GB: 

Class D15, AN 94-321431 

XP0O2O27029 

& JP 06 246 165 A (JAPAN STORAGE BATTERY 
CO LTD) , 6 September 1994 

* abstract * 



BO1J35/00 



EP 0 595 078 A 
* claims 1,3 * 



(DEGUSSA) 4 May 1994 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



B01J 



PtMt of tearck 

THE HAGUE 



D*e of lo^Mku or lit w*c* 

6 March 1997 



CATEGORY OF CITED DOCUMENTS 

X ; particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



tXMM 

Thion, M 



1 : theory or principle underlying the invention 
E : earlier pitent document, but published on, or 

after the filing date 
D : document cited in the application 
I. : document cited for other reasons 



A : member of the same patent family, corresponding 
document 



DOCID: <EP 07B0158A1_ 



